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(54)Tide: PROJECTION EXPOSURE METHOD AND SYSTEM 




(57) Abstract 

A projection exposure method capable of keeping a liquid (7) filled between a projection optical system (PL) and a wafer (W) even 
while the wafer (W) is being moved when a liquid immersion method is used to conduct an exposure, wherein a discharge nozzle (21a) and 
inflow nozzles (23a, 23b) are disposed so as to hold a lens (4) at the tip end of the projection optical system (PL) in an X direction. When the 
wafer (W) is moved in a -X direction by an XY stage (10), a liquid (7) controlled to a preset temperature is supplied from a liquid supply 
device (5) via a supply pipe (21) and the discharge nozzle (21a) so as to fill the portion between the lens (4) and the surface of the wafer (W) 
and the liquid (7) is recovered from the surface of the wafer (W) by a liquid supply device (6) via a recovery pipe (23) and the inflow nozzles 
(23a, 23b), the supply amount and recovery amount of the liquid (7) being regulated according to a moving speed of the wafer (W). 
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m m m 

^mm\t. m^it. ^m^m^r-y mmm'^- (ccd^) . m^B^y^m 
fz.ti^. mL^x\t.v^^ )\^ii^:£.)\ii-^n^i^^\^xm%^'<^^7.j-v-:f 

UT, m.^±M(Dm%'1^'BL\-t. K r Fx=^i^vl/~if(D 2 4 8 nmTfe 
^f)^, Mtw@?lSS(7)A r Fx^->-7 l/--tf<D 19 3 nmt.^ffl<b^no 
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2 

^tz. m^^nvmiz\t. mmmtmm\zm}^mm (dof) ^mm 

R= k - • A/NA ( 1 ) 

6 = k2 ' A/NA' (2) 

c:z:t> \itmytm&. NA\-^^m^^^(Dmn^k. k. , kz \i.':f 

o-jzX^^T$)^o (1) jC, (2) iCJ^D. ^i?{l^igR^iiiJ6Sfe86fC, 

flTtr^fi A MP^NA<^:^^<T^i, 5 t^^^^ < 

T X A (7) ^ ® ^ ^ ^ © ^ [S t» ^ tr ® 7^ ^ ff o T I. i ^ 
fe^ifflf/y' hU^^;U?i. ^J^HSH^^, NtiT^ci', ^KWfc 

7t !ij Bt CO T - > ^ ^ -r ^ © n t!?^' s o 

iSfiT:?^ C7) 1 /nfg (n Hf^#:c7)H|jf^T®'^ 1 . 2-1. 6 11 
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jL/\t f^n^ tmm l x t> , i^m^^M <h x a m iz m^^^^iz m 
:^mM\z^^mi(Di&mm^:^mu. ^^tif-Axv^^ (r) 

15 mi^. ^(D^X^ (R) (D/^^^-y^^m^^J^ (PL) ^^LTS^ 

(w) ±izm^r ^i^mmyt:^m\z^i.^T . ^(Dmm (w) ^pn^:fj\^ 
izB-oxf^rm^i^^mz. -t(D^se-yt^^ (pd (^^(tdsis (w) #j 

(D^t^m^ (4) 05fei^^i^<7)^^ (W) (7>^®i:(75ra1^?ilfcTci;5 

iz. ^(Dmm (w) (7)^i!I:^I^^^caoTRlT5£a5^^#: (7) ^mt^o\z 

20 LfcfeCT^T&^o 

ik^yt^^ (PL) a)5fe>^gi5<i:s^ (w) t(Dmf)^^<Dmi$^xmrz-^n 

^fzib. mW.^m\Z:}D^1r^m^^<D^m.^^%fpiZ:$5i-f^mm(D l/n 
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'A\z. :^mM\z^^^io)iik§em^mmit. m^\d-AT'^7.^ (r) 
5 ^mmv. ^<D-7x^ (R) (Dz-^^-y^^m^m^ (pd ^iJtvx 
mwi (w) ±^z^^•t^^^m^mmz:^\^^x. ^oymm (w) 

LT^ffij$-&^SSX-7"-v C9, 1 0) <h, ^(Dli^myf^lf. (PL) 

(D^(Dmm (w) m(Dyt^m^ (4) (D^m^t^(Dmu (w) c^a® 

10 oTH)f^(7)?ig^ (7) ^mf^-r^mi^m^mm (5) <h, ^(Df^^,^fflcD 

SH^ (2 1a) t^{z^(Dm^:^\^\z^(Dm^}i-2x(Dmmmn^i^ts 

f3SBM$n/i^^ttifflc7)iei= (2 3 a, 2 3 b) ^^bT^cDS^ 
(W) (D^®7&^e^cr)?^#: (7) ^[E]i|XT'g)?S#:lsIi|X^S (6) <!i^W 

u, ^(^siS7.7^-v (9. 10) ^mmvx^cDmwL i^w) ^"^(dpjx 
15 ^:f5\^\zYi^-DX^W]-^^^mz. ^(Dmi^ (7) a)f^^^5&jsLi;^[iiiix€ff 5 

^J^c, ^<Dl*KD{ft,^&ffl(7)g2W (2 1a) RZ/mmm<D^'& (2 3a. 

20 2 3 b) ^mnmizi 8 0° mKi'rcmm(7)W,2(D mo:>im^m(Dm'w 

(.2 2 a) , :RI5'#H:iffl(7)a2^ (2 4 a. 2 4b) ^m^f^Zt^m^ 

c:<7)«^, mm (w) ^^(DmM(D:^\^tKM<Dy^^\zf^mt^ 
mzit. m:m<D iMo^m'M^m^^^^^Ltx. tco^m^m^ (pd (T) 
^issRi^cDSis (w) (D^mt(Dr^^^<Dmw (?) i.z^K>^^izm 

^tz. t(D^mm^^m\t-^7.^ (r) <hsis (w) t^^cDt^m^t 
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(PL) \znLxmm^mLxm^^n^M^^ytmi!$)^m^. 
'e<DWi^:U\^it^^m^m(D^(Dmu (w) (DM^yj^x$>^:itf)m 
^Li/^o ^cD:®^. ^^m^^hmm\.T^(Dnmyt^^ (pd <d^ 
(Dmm (w) moytmm'f- (4) ©^tJ^gui^cT^stg (w) ^^mto) 
5 ^i^^c^i^f*: (7) \z^K>mrcLm-r^:itf)^-c^. Mmmf}^-D^i^\z 

1 a) :S:OT^I±i^OiB© (2 3 a, 2 3 b) {C^^^^f ^ SBST 1 X 
ti2M(7)ftt,^^ffl(Di5^ (2 7 a) , iROT^ttifflc^EW (2 9 a, 2 9b) 

10 &i9:tt^c,h7j>^'M*Lv>. ::(Dm'^. (w) ^^(^m^<D;^i^fcifi 
3c-r'5:^l^f':^T-^:/':^^»i$-&^l^{cfe, ^(DH^m^^^ (PL) 

i^gi5i^cDS^ (w) (DmmtcDm^tcDmi^ (7) jcj;D^fcUi!tt 

*fc:, 't(Dm^:^y'--j(DJ^W]mmizjt^\:^x^<Dmi^ (?) (D^^m. 
15 j^t/iniKM^i^MT^^iii^^ (14) ^mr^^it^m^vi^^. mt>. 

mm-^m \zit^(Dm^m^'Pu < T ^ :i Lx\ ^<d ^mMr^ 
<^<DikByt^m (PL) <D^^mt^<Dmis^ (w) (Dmmtoymiz- 

20 (w) (D^m\zm^-^n^^(Dmit (7) t^. -m^ 

mz^mm-fy^tjiiK ^tc. ^(Dmi^ (7) ^^ummm-^nx\^^^r^tb. . 
mwimmo)ummmi^nz) ^it^^x^. myt^iz:^c^mjz^^mwL 
25 (w) <Dnhmm^m<:it-/)^x^^o ^(Dmmtm^\z-A{zM'r^m 
mm^m\^^:^^^m^i.^^(D},tmmx^^^^. mMmm^^^m-^x^. ^ 
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(R) izmm-r^mmM u) ^<D'^7.^(D/^^->(Dm^mwL 
(w) ±\zm^-r^^m^m^ (pd ^to^mu (w) ^^ittx 

5 (9. 10) «h, ^(Dl^B^^M (PL) <D^ 

(Dmu (w) (4) (D^t^mL^<Dmm (w) (?D^Mt<^ 

r«i^#i/i-r^^ {3. m^^mcDM (21a) ^^bxm^i^^fSiicmoT 
Fif^co^^f* (7) ^im^r^mmM^mm (5) ^cofi^/^^fflc^ss^ 
(2 1a) t^iz^(Dm^:fj\^\z^<Dm^}i-A(Dm^m^ (4) 

10 (C@2B^n;^cPmfflC7)Sai= ( 2 3 a, 23b)^^LT^(DS^ 

(W) <^^®75^^^(D?^^ (7) ^lHliR-r^?^#:llIiR^® (6) t^m 

15 (R) ^mmV. ^(D-^Ts^ (R) (7)A-^->^^^^^|^ (PL) ^ 

mytxm\z:is\,^xmm (w) ^m^:;^[^tctaoT^»j$ii:^i^ti, 

iS^T^^^ (PL) .(D^<DmWL (W) (4) (D^t^mt^ 

(Dmu (w) (D^®^(DrBT<&vifc-rcb^{c> ^(t^s^ (w) (r>^mij\^ 
20 icfaoTm^(Dv^#: (7) ^m-r^o\z\^t^^(Dx^r^. mmm-hmm 

^^tc, :^%m\z^:b'm2(D^Bm^-:}jm\^. m^yd-i^x-^T.^ (r) 

^^^^1^ (PL) ^i^VX^(Dm^\i-L.XmWL (W) ^ 
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i&myt^^ (PL) tm^ (w) tcDm-^^^o^mi^-^mtz-^n^tztb, 

5 izitfj^^o ^fz. 't(Dmm(D^W}:^mizmcx^(Dmi^^mTys^^^ 
it^'^t^z.tiz^K). ^(Dmm<D^myjmf}mmizmtr^m^x^'D 
T=fo, ^(Di^m^^j^t't<DMmt(Dmiz^<Dmi^^mrzi.x^< ^t. 

10 -^<D^W}:^\^iz\^^'r^m2^^t\z^\frzt^. -^(Dmi ^HL^^^^toy 
mm (w) <D^m:ij\^tm\^^<Dt^itpn^(Dn^muT<D±^-^tu 

^\^mizmf^x^^o 

(7) ^?j?t-rc: <h;5«^ OM^ 

^COSIS (W) ;6^'X7^>7y- T>K • U If- h^^^XtiXT-^y 

T--;/ tf>^9':^r^ {Citatum oT^(?)^#: (7) ^^?jit-rc:^;^>^*M*L.Vi, 
20 ^tz. '^(Dmyt\z-AizmyX^(D-7 7.^ (r) t^(7)sm (w) t 

(7) ^t^fsTc: i 75^*11 *LVi„ 
*fc, "tomm (W) (7)^i!iji^(3;&L;T-?-(7D^S#: (7) ©»fES^Ii 

25 m'r^zitf)m^Li^o 
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8 

mm^-:fjf^'S:mi^x. "r^-^-i 7sn^->^mm (w) ±\z^^ir^r.m 

5 ^mmi.. SJ^3t^m (PL) <^r^bT^(O07^t*-AT'S^ (W) ii 

mtzT J: o \zmi$ (7) tthiz. ^(Dmu<D^W]yj\^\zjtsCx 
■^(Dmi^^m-t:^\^^m\:^-^^mi^m'i^'^m (s) ^m^rzh<Dx$> 

10 m^^^:^mm<Dm2(Di^§^m^mm\z^nit. >^mn<Dm 2 (oiSLmm 
^:f5m^mm-r^ ^it^^x^. '^(Dmm.(Di^m:f3\^f)mmzmt-t^m 
^T-^oTt), 't(D^^B^^?kt.^(Dmuii(Dm\z^(omw-^mtz\^x 

mrz. ^(DS3tlf-AtC*f L.T^<DV7.^ (R) t^(DmU (W) t 

15 ^^n^n^n^^mr^T.^-i^ • (rst. 9-1 d 

<D^W}:f5\^iz\3iiira'DX^(Dmi^ (7) ^a^tTii <h7:>^'MS bi^^o 

^/i, ^(Z)IS^3t^m (PL) t^omU (W) i:a)^(C{tt/^&$nfc 
(7) 2r(HliRT^?S#:|lIiRga (6) ^Mfcfii^^ :i <i:7&«M* L l^o 

20 ^tz, ^(Dmitm^'^m (s) (t^i^i^p (21a) t^o^mwrn^^m 

M (6) CDHjiRn (2 3a. 2 3b) t\t^(Dm^\:z- A(DmMmm^ 

m/vxmm-^n^:itf)m^L\^^o 
25 mi ^^m<Dmi<Dmm<DmM\z^f^^xmm^n^i^Bm^mm. 
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fe-So Eieti, EI 5 (7)t^|^5t#I^P L ACDU>X3 2 C7)$fe$^g|53 2 Ai: 
10 gl 5 (75S^3fe^^P L A01/>X3 2 (D^>^^3 2 At, Y^^ffi] 

^ ^ ^li-r § ie) (7) s ^ CD fl^B 

^^1 ;0^e>5^tl:J$nfc?Sfi2 4 8 n m(^^5't>A°;PX7'ei; D T^Ji^^Tt^t I 
P L=£:^bTF?f5tC>©l^fS^j3 ( j3 «fi?tJ;^ tdf 1 / 4 . 1/5^) 

25 h i/'>*x h7!?^*m^^$nfc':7XAw±(7)m7t^i^{ci?§/jNi-si^$n-g)e t^cC^s, 

I LtUTH, A r F X=^r v-V ^ (^ft 1 9 3 nm) , F 
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10 

2 V-^it (?d^S 1 5 7 nm) ^7jc^^>y^(D i U (iSfi 3 6 5 nm) 
^^j^gffl UTt)ckVio BAT, ^^Tt^^P L(7)^$lllAXtrW{CZ^$: 

® t:: ¥ X fill ^ ffx o T 0J -r ^ o 

$E:ft«u--ti-*^?^^st (^0^) tcJcoTU t;i/37 A ft a'isn, c<;) 

Y^Stclft^oT^K-T'SX Y7.7=— 1 0±tC@^$n, XYX7=--v' 

1 0 ti^-x 1 1 ±fc:«!ce$nTVi^o Z7.7=--v'9«. ^jL;\v^(Dy 
:fj\^(Ditm^it>^nz)o zx-T— >^9 (•j7x/NW) (D 2 ;^7ce*j;^cj:{ig, 

7.7^- v^K^ 1 5 li, ZX7^-v^9> XYXt^-v^ 1 0 a^lftf^^^iJfP 
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\^>X4},^mm3(DmTmizmm ii^m ^mzm^^nxi^^^. 

L(7D7¥;^iNFt4> f^jA^'iRM mm>\'^m. n-^umm) (Dmm\zm^^ 
^^^xu-h (.^n^mum) x$>^xh^\^>o *fc. m^^<Dmm 

^■r^mm^m<u^xv^i^^. ^>'ri->xuxh (^>->^iiz 
t.io z-om^. i&^m^^mcDmm. Mil, ij^sst^t^si^TS^T^^ 
f^^pLTfe, mi^7 ^mf^r^mttuz^cD^n^mwL^^mr^rcnx 
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nitmtl. AXh^tzib. K r FX^'>'7W'-+l-*^(7)itS2 4 8 nm 
':>XAW±T« 1 /n , Ifl-^^tJ 1 7 7 nmtlM}&S<k$nTiiVi^ 

{$^m.m%^n^o sic, m^mmt.'^%^\z);t-<x%^n\^. bp-^i^i. 

u^bmw-m^^mm.^ \z:^'dx . fn'&<DmmyX)vm^'k\^x^jL;\Yj±. 
15 \zummm-^ntz'^m^x^^-^n. ^(Dmw-<r>^ ycf^n^^Mi^-yxm 

m-^nx^^^'f-^ > n\H<DmLW.iimn^\zWL'^-^nx\t^^o -eur. s 

^^^^'Pi.(D]^yXA(D%^m^xij^\zikts^o\z^mmm<f^ 

20 -Ditm^J X)V2 1 a. &0^^^gB7&^)£<fcfofe2-O(7)rjltAyX;V2 3 
a. 2 3b (liI2#Bi) 7&^'iHS$nT43 0> J X)V 2 I a.\^^^'^ 
2 l^it\^xm.W^^^'^m.^\Z^m-^n. oftA/ X;i/2 3 a. 2 3bti 

<7)Smy X;U2 1 a, 'BLXSmX^ X)V2 3 a. 2 3 b^«ti 1 8 0 " IhI 



wo 99/49504 PCT/JP99/01262 

13 

y X;p 2 1 a-f)^. -x:/j\^m\zmAy XJi^ 2 3a. 23b ^^^ti^nm 

5 g^nxv^^o *;^c, ott A y 2 3 a . 2 3 h\t^i^^4 ACD^'L^'^ 

iM(Dmmy X)V2 i a, i^zsmxy X)V2 3 a, 23 b<£«t^ 1 s 0 

2 4 b7&^'gss$n> «^tti/x;i/2 2 aitm%t'B2 2 ^:>f\^xmmM^m 
10 as tdt^^^n, ^Ayx;i/2 4 a, 2 4 b\tmiiiz'^2 4^iffiyxmw 

(D9tmw^4 A^Yi3mz^is2n(Dm\i!iy X)VBLXsmxy X}vt<D{iLm. 

Psl^^^b, Z.(DmZ\Z^\/^X. 9t^W>4 A(D + Y:f5\^m\ZW^y X)V 

15 2 1 affi. - Y:^(^a#J^c^A/x;^2 9 a. 2 9 b7&^*^n^*n@2M$n> 
m\ii/X)i2 7 a\tim^m2 7 ^^{^xmi^m^i^mmsizm^^n. m 

KJ X)V2 9 a, 2 9 btd:[lIiR«2 9 LT?^#:|HiJ|Xge 6 (Cli 

nrvis. ^fc, 1 *f(7)fi^my x;i/2 7 a, ^^t^^^Ay x;i/2 9 a. 2 

9 b^at^ 1 8 0 " lfiIfeb;/c:i2fiTSiJcD 1 ^fOS^ffl / XJU 2 8 a, 
20 SgA/X;i^30a, 3 0 b 7&^*i5B^ n, fif ffi y X;i/ 2 8 a 2 8 

^^bT^^^*:fit|^-^K5 (Ctl^^^n, ?j?tAy XJUS 0 a, SObtt^iR 
^3 0 ^:fM.T?^#:[EmX^e6 iCJilig^nTVi^o iS^*:{^^,^^e 5 
f*iSs&^2 1, 2 2. 2 7. 2 8CDi!>;^cC< (hfe— ^^:^M.TU>X4<755fe 

25 M6ti[liiK^2 3, 2 4. 2 9, 3 0 <7)^>Vj: < i: =fo -O LT^CD?^ 
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2 3 a, 2 3 b ^:/M.T'^XAW±;6^^?i^#:7 ^lEliRf -So Cl<^t#, 

7 HCX/\W±^^fri 2 5 B(7)::^fS] (-X::^!^) tC?jlEnT43 0, 

2.'±im^T'^-r^EP2 6 A(D:^r&] ( + x:;^fS]) tc^xAW^x 

10 7"^y:/i^ffij^-ti--Sl^fC«, I^#:fi^*&ge5«f^^^^2 2, IkXSm^ J X 
)V2 2 a VXU>X4(D^m4 At^Ji/\Wt<Dmizmi$^7 ^ 

f^t^L. r^#[Hli]X^a6«[Eli|Xl=2 4S:tK»f£AyX;i/2 4 a. 2 4b^ 
LT*K#: 7 ^milXT^c il(7)i:^, mi^ 7 it^ JLJ\W 2 6 
B(D:^\^ ( + X;^fpl) tCgftnTiiO, ':7XAWi: ^>X4 <i:(DrB1«^0^'f*: 

15 7 iz^omtz-^n^o ;i(Dj;:^\z. ^m(Di^^mytmmx\t, x:f^\^iz 

XAW^ + x:^fp]> x{t-x:^\^(D^-^ (biz'^mT^m^iz^. 

wtu>X4t<Dm'&mw7 iz^ri^^\zmrz\^m\f^z.tf)^xt^o 

WL^l \z^ri^\^:^:^Z.hi:)^X^^^\^o%\\^^.-h^-^^. %tz. WiW-7 

(7)?figi3M7&«ff*DnT, S^<75|^Jc:^i;^l^{cJ:S'5'XA<?)|^|^5it3J; 
^a:ta^t3i±*f^^(7){ST<£RSCC ti^tT^^o «^-pT, EGA (X> 
25 /N>X h • ^o-A';U • T^-r y > h) ;^xC(?5T^-l' ^ > h<?)ct -5 tC. 

^ > V }zm%^\znf^m<r>^^mi'^x-$>^x-^. ^ :£.)\(DmM^ 
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m-^. m 3 tw^fev^T^j^T^r^En 3 1 A(75;^fp] (-y:^i^) \z^j. 

XJV2 7 a^iTtvxmi^^^^^L. m^mi\^mm.6\^mi\^m2 9jkum 
X)V2 9 a, 2 9 h^mmi^xmi^<DM^nu\^^. mmtu>x 
4(D^m4A(Dmy(Dmmnm±^^m3iB(D:ij]^ (-y:^i^) \z 
mn^o sfc, ox./\^ + Y:fj\^\zxT-yX^m^'\t^mizu. mmm 

2 8, mihyX)\^2 8 a, IeIi|X«3 ORXSmxy X)V3 0 a. 3 0 

i^mi.xmi^(Dm^^Rv^\Bim^ni^n. mmt9ct^^4 A<Dmr(Dmyt 
m^±^ + Y:fj\i^\zmn^o z.tnzj^K). ^jL/\vj^x:fj^iz^m-r^ 
m-^tmmiz. oji/\'w^ + Y:^\^. x^^-yiji^cde-^ <b\z^m-r^ 

^-^TSoTfe, OJi/\WtU>X4(D^ii^^)l>4 At(Dm^mi$^7 i,Z^ 

K>mrz.-r:it^^x^^. 

nxti<. mx\tmib(D:^M^ibmi!i^7 (DW^Rz^mi^^norciibcD y 

xjv^mnxh^i^^o 
:if^iz. mi^7(Dmf^m. R'ami\sLm<Dmmi5mz-D\.^xm,m-r^o 
m4i-i. ikmyt^j^PL(Du>X4 t(Dr^^(Dm.i$i 7 <Dm 

^lSi.U\Eii!lSL(Dm^^7f^iy. C:cOll4 JdiJViT, OJL/\W\t^m2 5 A(D 
(-X;^[^) IC^WjLT*30, Witi/ X)V2 1 aJ^Kf^f^-^ntim 
<*:7«, ^Pn2 5 B(D:/3\^ i-X:^m) izm.n. mX/ X)12 3 a. 2 
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i (m' /s) .i:[sIi|X»Vo (m' / s) t^^b<b, XY7. 
5=-->^io ("^XAW) (7)^i!jjiSv{;:J:b{?»JT-5J;-5{c:?«#:7(^#^^S 
5 Vi, &0^!lIiK»Vo^i^M-r-S. -^Wm^l A\%WL^l(D'^m 

ftV i , BitJ^lHliRfiV o JeAT<DiC(Cct D^^T^o 
Vi=Vo=D-v-d (3) 

0 1 fC7K-r=t -5 ^CD«l/>X4 C0^v^^|5(DlttS (m) , vli 
XYX-T---:^ 1 0 <7)^S!)3$^ (m/s) . d ^J^^t^^^ P L ©f^MIE 
10 gfl ('7-=!r>iJ^ • X^S' >7.) (m) T^-So XYX-T-^i^ 1 0 

cD#t,^^»V i , &t/lHliRaVo^l^MT-5C:<l::-e, El 4 (D 1/ >X 4 <h r> 
X AW <i: (Dr^fd 7 tS^SNp^^ ^ n-5 o 
15 nc*5, S^Tfe^mP LOf^WjSBS8dti, iS^T^^^P L (h':7XAWt 

20 J:olC{'^ffiiSgg!ld«MVifc8e), 7 (TDM^^H^ff^jtii^T&^^^S 
25 ia5«, *McD*S^Si7tgffi<7)J^^7t^lSP L A(7)Tg(5, 
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miz\t. 5fei^^3 2 A(Dm.T (Dmm<Dm^mmizu^^ jKD-mcD/-^^ 
->mmkm-^n. i^m^^^PLAizMi^x. c^s^) m 

-x;&fRi (xti+x:^i^) \zmm.vx^Wi-r^(D\zw\m\^x. xytsit 

-V 1 0 S::fM^T'^xAW75^ + x:&[ni (xt5-x:^ffi]) \zm^& -v 
rmz, .o:Lf\i^<D7.7-v\^y'^\z^-oX'A(D^^3 v hm.i$.i)^^^mih 

i^m\z^^^x^i^^m.^^\t.mMm(j:>mm\zx,^x. u>X3 2 
ji/\w(Dmmt(Dmizmi^ 7 ^mtc-^n^. mi^ 7 (Dmmikzsmmt^ 

^L, 6 {C43V^T, U>X3 2 C09u}i^^3 2 A(Dm'mtY-:^[^\Z 

m&\^^mmizu-Dx:ioD. ^m-yt^^Fh a<du>x 3 2 (d^i^^^ 3 2 

A^x;^[6jtci*tJ'<fc"5ic + x:;^i^#J{c3<S(D^^aiyX;i/2 1 a--2 1 c 

7!>^BBS$n, -x:fj\^miz2m<Dmxy X)U2 3 a, 2 3h^mm-^n 

^LT, S^my XJI/2 1 a~2 1 c 2 1 ^^^H" LT?^#:{^^^g 

S5lCi^i^$n, gttAyX;i/2 3 a, 2 3 blilHliK^2 3 ^^n-LTl^^*: 

miR^ee {cSEi^^nri/i^o sfc. mmyX)V2 i a~ 2 1 c tmx 

yX)l2 3a, 2 3 b <i:^«t^ 1 8 0° HIls L }^cgHS(C, ^tti / X;i- 2 
2 a~ 2 2 c chottAy X;i'2 4 a, 2 4 b «ii ^SaS V^^o mihyX 
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;l/21a~21c tmxy X}V2 4 a, 2 4 b i: « Y:&FP]fC3^Stc:g2^J 
•^n. mW>y X)12 2 2 2 c tmxy X)V2 3 a, 2 3b<h«Y:^ 

\^\z^mzmm-^n. X)V2 2 a~ 2 2 c 2 2 ^^ut 
mw^wm:m.^\zmm.^n. mxj X}V2 a a, 2 4 b«iPiJixi=2 4^ 

^XM^m%^no^^'^\Z.\-t. fit|&^2 1, #h'i'.yX;i'2 1 a~2 1 c, 
tHliR^2 3, ]SLn^^MAyX;i/2 3 a. 2 3 b ^^ffl bT?iS#:{tt^^^B 5 

10 tr^X/NWiiC^^l^t^lfc-rct-S l3-X^|Bltc:M#: 7 ^MTo S/c, 2^ 

If ^^-^^Cti, «*^1=2 2, S^ai/X;i/2 2 a~ 2 2 c , [HiRW 2 4. 
S:tJ^'r?itAy XJl/ 2 4a. 24b X^xmW 7 (D#^iii&S.t>'lHlJ|X&tf V^, 

1/>X3 2 ^:'^XAW<i:(^W^^;^c-rck-5 {3 + X;^|p]t::l^#: 7 ^gft-To 

x«- x::^f^(Di:*, ^(^:^[S]{c'^x/NW=&^S-r§^^t::fe, l^>X3 

^#:7(D^^ftVi (m' / s) , RtJ^'igJKftV o (m' / s ) 
20 i^T(7)^lC.J; i3^»i^-r^. 

Vi=Vo=Dsv-V'd (4) 

DsYfiU>X3 2 (7)5fe)i^^3 2 ACDX:)^I6](7)S$ (m) Tfe 
■So Cintc:J;oT^SM7t4'Jc*5ViTt>^>X3 2 i:'i'X/\W<i:(7)rBl^ 

25 ;^cj:cte, y X;KD^-^Jl^^:^JlJ|tJcPM^$n^ fe(^T^< , ^?iJ;^ti^j^§B 
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jLj\^M^:/5\^\zm^-r^^^^^:i3\^ (-Y;^fp]) izx^y-X^m-^'it 

^m^izit. Y :ij \^\zmm-^ nrcmm / XJV2 7 a, SLXsmxj X)V2 

9 a, 2 ^ h^^m\^XmW-7 (D^^-BLlSm^^n^^. ^tc. r>XA?r 

+ Y:fj\^\z7.^yXf$rm-^it^m^\z\t. Y ;6"f^ fcia^ij ^ n;t tB y X 

;i/2 8a. S^I^^ditAy X;l-3 0 a, 3 0 b Vxm.i^ 7 (Dm'i^RZS 

(m' / s) it. ^r(D^iz^y)^m-r^o 

V i =V o =D5x • V • d (5) 
:iZ.X\ Dsx\tU>X3 2<D9ciim^^3 2 A(DYyj\M<DS.^ (m) 
-So m 1 cD^Sg0iJtIsHtic. Y:^i^(;:x-7^«:/y^ii]^-B:§l^(cfe'^XA 

3 2t^:ji/\wt(Dr^^mi^7\z^r}mr^\^mf^:iti)^x^^o 

u±(D^o\z^jL;\w^mw]-^'^^mz\t. ■^(D^m:^mzmcrz-:f5 

±m<Dnm<Dmmiz^\^^xmi^7 tvxmm^n^mmt'Wiz 

^A^\zm^-sn^h(Dx\tr^< . mytyt\zM-t^mm\t-^^$>'DXx^^ 
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mffu^) fj^mmx^^o ^(Dy ymm^f^^mmti!^^m^<D^xhm 

ytomMmm (D±Mi.^m^^-oizm^^nx\^^nit^<. ^<d±^^ 

^z.^\i^mmxi^^tz.ib. zy.T'-i:^±.fi-^^m^ffi^nu\,^^o\z. m 
x\t^jL;\^mhjxmm.^w^m.iy. '^(Dmm.p^omw^m^t^um^ 

i3\p\\zm'Dxmw7 ^mt'hcDt.x^fzti^. mw7 ^m.T-)3m\t.^(Di^Wi 

m\z^'Dxmi^7 ^m-^\t^\^^o z.n\z^K^. y.'rv'f - yyv - ^y\i 
i)mnm mx\,tik^msm.m) xmm\zm\:.\^x^. ^ntciiseLT 
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ct "5 ICX Y7.'T--':/<^^®j^^Jll-r-5o Cc^ct •5 7'j:«-&Tfc. ^JL/\(D 

f ^ 66 ^ S 7^ ^ g {C Ja < 51 ffl T # ^ „ 

^ ^ jvxit-^ 7. ^ ^mm-r ^ y ^ h u 'J ^ y ^ xmiz^i^^x h^miz 
it* 5611 $ n ^ (Z) m- 1/ - if , M ;^ X ;!/ 1* 

•i^A (Er) (X«x;i/h^':>A^-1' 7";Hf':7A (Yb) (Dmi5) 75^* H 
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BLmmm^ti.xit. mxu^mwnms 78822 g-^tcM^^nx 

« il ^ L ii ffl (7) ffl 1^ ?i ^ CD f ^ T Pg 0 I ^ 43 V i T ^ ^ H !|# If CD M ^ ^ 

^ )V7.^-i^^^T./\x'T-i^^mytmm:^^izmDi^nTMn^m^ 
m) ^mmi^x. w-izf^-^mm: (mm.mm. mi^mmm) ^r^zitiz 

^UT, ¥^#:7^Awxji. y=j^-(x<Dmm' i^mmm^noxy'y 

^t^) > ^itxT-y^m^mxmm-^n^o 
25 Lui^mmxm^<7)m^^mK>n^o w.\z. mmm. wnmMo^m. 
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B 1 0 - 7 9 2 6 3^(D±X(Dm^iH^\t. ^-o < 0^(7)S*5lffl bT 

(Dm^<Dm^ii(Dm^mrc-t<k^{z. ■^(Dmu(D^m:f^\^\zrr^'DX't(D 
^<DmwL(Dm.mt(Dmn^<Dmmz^r^mfz-^nx. mmmt^mmx/^ 

d T ^ S <h V i -9 f IJ .-^^ Tilt * S o 

:^mn(D^iy.\t.w.2<D^mm^^m.\z^n\t. ifmncDW,! 

z^(D^mmmizmcx^(Dmii^(Dmmm. j^nmm.m mm) ^mmt 
20 ^m^izu. 't(DXT--i^(D^mmm-^^^itLx^^^m^^^(D9cti^^]^ 
tm^(Dm.mt(Dm\zW'^T^t<Dmi$-<Dm^—Mizw=>z.t^^x^^o 



25 
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m ^ (D m m 

tmm(D^m:^\^izm-Dxm^(Dmi^^mTz.^^'mAt-r^i^mm^ 

^iri^x&m±\zt&^T^^Bmytmmz:iii^x. 

Mmmm(D^^m^(D^m^tmmM^<Dmimt(Dm'tmrzT.iio\z. 

mmt. mm^mm(Dmmt^\zmmm^:tj\^izmimyt\i-A(Dmm 
mm.^i^t5^^\zmm-^nrcm\iim<Dm'^^^i.xmm&u<D^m-^^^ 

Me 

3. $n^(Dmm2td.m(Di^mmytmmx^-ox. 
mt^ii^(Dm^mqm'MiSLumWim<Dm'^^^mm\z 1 8o° mm\^ 

4. n^i^(Dmm2. xit3tmcoi^mm^mm.x$>-DX. 
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8. m^\i-A^-^7.^\zmM'r^mm^t. mm-^T.^on^-xD 
^^mw.±.\zu^t^^B%^^t.. mumwL^un\.xii^Wi^^^m 

15 mwL<D^mii<Df^^mtz.'r^o\z. m^m(Dm,m^^\.xm'^:bmz'^ 

•DXf]\'&(Dmw^w^r^mwwi^mm.t. mm^^m(DW.'^ tmzm 

(Dm'^^i\-vxmumwL(Dm.mt-^^mum.w^m^'r^mv^m^m.m.ii 
^rf\^(D^mm%xm.^±.\i^z.^^i^^i^t^^mm^mm.<om'Mi3 

20 

rh^it\^xmwL±.\zi^'^-t^m%i:m^'^^. mm%iLmzid\,^x . m 
umm. ^ m^:f5 i^izmr^x^wj-^^^m^z. m$^ii^B^^^^(Dttimmu 
25 m(D^^m^(D^ii^mtm$imm(Dmmt<Dr^^mrz-r.i^z>iz. mum 
m(D^W}:^\^izYa-oxm^(Dmi^^m.'rz.t^wwLtr^y'n^7.<Dm 
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\^tm-:)3\^<Dh^nm'^(Dmm$.\^j.y(oi^'^-^t.f^^^'D\zm%zm^^ 

12. mi!k(D^mi oum.(D^9cBm%-jji^x^'DX. 
m%^^WL(Di^Wi-^\^\zm^m^xn\:^\^^\zmt^m.w^m-rz.L^m 

1 3. ii^o$6iai 2mm(Di&^myti5mx^'DX. 

14. »^<7)ISffl 1 2 X« 1 3IHm<DS^^7^;^^T$)oT, 

. MfE»1S<?)^^^fpJtcS{^rcioTHiIfE^^#:^^T:i t<£rit#^^:■r 
1 5. ini^(Dmmi 0 --^ 1 4(DMn-/)-^-mtim(Dt^mmyt:f3^iiX$)-ox. 
mt^mu<D^mmmizf;i:-\^xmtimi^<Dmm^mmr ^ ^ h^f^WLt 
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1 6 . m^<Dmm i o ~ i s (DMnf}^-mmm(D^Bm^:^m^m v^t, 

18. Wj|t<7)|gffl 1 7 tS«fe(^)S^S^igmTSoT, 

19. mjk(Dmmi smmcD^mmytmrnx^^^x. 

15 MfeS1S}S7.7">y • 7> H • U tf- h^^X^Xx^y • T> H • 

Tv^^ >:^^Til7t$n, MIE?^#:{tt,m'Sfifi, tiIlciSIScDX7"«;/ t°> 
(5 a o T MfB?^#^ ^ ^ ^ #m i: -r ^ S^gSo 

2 0. 8f^(7)l6ffl 1 7^-1 9 (D{5in7&^-]StS«t(7)^^^7l£^eTfeoT, 

mtm^\i-i^\zMVTmu'^7.^ trntmut^^n^nmrnwi 
M^myt^. mt^mm(D^W]:fj\^izmm-Dxm$^mi^^m'r z. 

2 1. m^(Dmmi 7~2 0(DHn7!>^-«iamcD^s^^3t^e-c$>'pT. 

Mie ^sf^ 5S ^ ttffssis <h op«T t3 {ft ,^ $ nfcf^#^ ^ [HiiR-r ^ ?^^*:iEi 
25 i\^mm^^\zm^^ c t^w^tr ^^Bmytmm.o 

2 2. l»3}t(7)«BH2 ll2«fe(0^^ll7t^MT'$)oT, 
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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appUcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IM^GE CUT OFF AT TOP, BOTTOM OR SffiES 
P^ADED TEXT OR DRAWING 



BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

ci^INES OR MARKS ON ORIGINAL DOCUMENT 

Q REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 
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As rescanning these documents will not correct the image 
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